Introduction
fi2-adrenergic agonists have been used for quite some time, both in human and veterinary medicine, mainly as bronchodilators and tocolithics. However, they have also been used for the past decade, although illegally, as promoters of animal growth for such species as chickens, pigs, sheep and catlle [1] [2] [3] [4] . Clenbuterol (4-amino-
3,5-dichloro-a-[(tert-butylamino) methyl] benzyl alco-
hol hydrochloride) is undoubtedly the most frequently used fi2-adrenergic agonist for the latter purpose [5] ; therefore, it is not surprising to find such a large number and variety of analytical methods for its determination. Various recent studies [6] [7] [8] [9] have shown the potential for pigmented tissues in control programmes for unauthorised substances in animal husbandry, particularly clenbuterol, due to the selective fixation which occurs between melanin and these substances and remains stable. The retina is, therefore, a widely used matrix in most clenbuterol determination techniques, such as immunological tests, radioimmunoassay [6] or enzyme immunoassay [7] [8] [9] [10] [11] , and in chromatographic techniques such as: HPLC with UV [12] or electrochemical [13] detection and GC -MS [14] , after various extraction or purification procedures, such as liquid-liquid extraction [13] [14] and solid-phase extraction [ 12] . Diphasic dialysis enables selective and efficient extraction from aqueous media of compounds of low molecular mass, using organic solvents and without need for complementary purifying procedures; it has already been utilised to extract clenbuterol from urine [ 15] and liver [16] [17] . This paper describes a method for the rapid determination of clenbuterol residues in bovine retina, using diphasic dialysis as the extracting procedure and GC-MS as the determination technique, following derivatization with butylboronic acid.
Experimental Reagents and Materials
Clenbuterol was from Interchim (Montlu~on, France) and tri-deuterated (D3) clenbuterol (internal standard) as kindly supplied by Dr Jan Rud Andersen (Danish Meat Institute, Roskilde, Denmark). Butylboronic acid (BBA) and ethyl acetate stored over molecular sieve were from Fluka (Buchs, Switzerland). All other reagents were from Merck (J. M. Vaz Pereira, Lisbon, Portugal). Nitrogen N45 and helium N55 were suplied by Sofager (Coimbra, Portugal). Visking dialysis tubing 20/32 with a molecular exclusion size of 12 000 14 000 Da (Medicell International, London, UK) was from Reagente 5 (Oporto, Portugal). Retina digestion was performed in a Memmert oven (Schwabach, Germany) regulated at 80 ~ and for diphasic dialysis an incubator shaker model G25 New Brunswick Scientific (Edison, NJ, USA) was used. Chromatogram of a real sample Clenbuterol determination was achieved on a Hewlett Packard (HP) apparatus, comprising an HP5890 series II gas chromatograph, HP6890 autosampler, HP5972 MSD detector, HP Vectra VL24/50 computer, HP Deskjet 520 printer, and a 25 m x 0,32 mm Permabond OV1-DF column, 0.25 pm film thickness (Soquimica, Lisbon, Portugal). A Mettler AE200 balance (Zurich, Switzerland), pH meter CD 7400-WPA (Cambridge, UK), nitrogen evaporation system and a vortex type mixer (Reagente 5, Oporto, Portugal) were also used.
Sample Preparation
The retina was separated from the remainder of the eyeball, cut with a scalpel blade and weighed (_+ 1.0 g) into a screw-capped centrifuge tube. 3 mL M NaOH and 50 # clenbuterol D3 were added at a concentration of 1 pg mL i in methanol. Digestion was carried out for 2 h and frequently stirred. The digest was then transferred with 20 mL acetate buffer [sodium acetate 0.2M : acetic acid (95:5) pH ~ 5.8] to an Erlenmeyer flask, where 20 cm of previously-hydrated dialysis membrane had been placed with 25 mL diethyl ether. Diphasic dialysis was performed for 4 h at 37 ~ and at 150 rpm [16] [17] .
The contents of the membrane were then transferred to a separation funnel, and, after phase separation, ether extract was placed in a centrifuge tube and evaporated to dryness under nitrogen at 55 ~ The dry residue was dissolved in 2 x 200 pL methanol in a derivatisation vial. The methanol was also evaporated at 55 ~ under nitrogen and the dry residue dissolved in 50 #L ofa BBA ethyl acetate solution at a concentration of 5 mg mL 1. Then, the sample was derivatized (1 h at 55 ~ [18] .
Chromatography
2 /~L of the derivative were injected into the GC-MS system in splitless mode (1 rain delay) using helium carrier gas at 1 mL/min -1. The initial oven temperature was 120 ~ for 6 sec and the programm was 15 ~ rain ] to 245 ~ and 30 ~ min t to 300 ~ (5 rain). Detector and injector temperatures were 280 ~ and 260 ~ respectively. Analyses were performed in the electron impact mode and data acquisition was by selection of the 342,327,245 and 243 m/z ions for clenbuterol-BBA and 246 and 345 m/z ions for clenbuterolD3-BBA derivatives. Analytical data were from the area ratios of m/ z 243 and m/z 246 ions, respectively for clenbuterol and clenbuterolD3.
Results and Discussion
Five different 0.2 M buffers (acetate, phosphate, borate, carbonate and citrate) and four organic solvents (dichloromethane, n-hexane, ethyl acetate and diethyl ether) were tested in the development of this diphasic dialysis procedure. The choice of acetate buffer and diethyl ether was based on their superior chromatographic peak resolution and, consequently, greater sensitivity, compared with the other above mentioned solvents. Table I shows the data for repeatability, reproducibility, recovery and detection limits found, being within the reference values published by various authors [19] [20] [21] [22] [23] . Linearity was evaluated for 1 month with five separate standard samples, between 0.4-2.0ng clenbuterol, r values being found between the limits of 0.985 and 0.999. Figure 1 shows the chromatogram of a sample containing 23.7 ng of clenbuterol g ] of retina, obtained by the proposed method. The use of diphasic dialysis as an extraction procedure for clenbuterol in bovine retina thus proved to be efficient, due to the fact that, although the total analysis Short Communication Chromatographia Vol. 50, No. 1/2, July 1999time is slightly longer than the previously-described methods [6] [7] [8] [9] [10] [11] [12] [13] [14] , it enables a substantial reduction of the number of manipulations by the operator, thus reducing losses during analysis, freeing the operator, and decreasing final costs.
In conclusion, considering the complexity of the retina, the method shown has proved to be comparatively simple and with good detection limits.
